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(54) Device. for purifying oxygen rich exhaust gas 



(57) This device (catalytic converter) includes a ' 
NOx-adsorbing-and-reducing catalyst that is capable of 
adsorbing a^NOx and accelerating a reduction df the ad- 
sorbed NOx into N 2 , within a NOg-forming temperature 
range where a reaction represented by the following for- 
mula proceeds. 



\ 2NO+0 2 1 *2N0 2 " ; i 

wherein, within the N0 2 -forming temperature range, the 
concentration of hydrocarbons and/or carbon monoxide , 
of the exhaust gas is varied at an inlet of the NOx-ad- , 
sorbing-and-reducing catalyst, such that the adsorbed 
NOx is selectively reduced by the hydrocarbons and/or 
carbon monoxide into N 2 . 
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Description ' ' • ' ' 

[0001 ] The present invention relates to a device for purifying oxygen rich-exhaust gas and irv particular to. "d'catalyst 
(catalytic converter) that is capable of removing NOx contained in the oxygen rich exhaust gas. 

s [0002] There has been a strong demand for lean-burn automobiles. Such a lean-toum automobile : is driven on the 
lean side with a large air-fuel ratio (A/Fjdurihg Ordinary driving, so 'as to burn ah oxygen- rich air-fuel mixture and 
thereby meet with the demands for lower fuel consumption. In case of an oxygen rich (lean) air-fuel mixture, the oxygen 
content of the exhaust gas" after combustion becomes high: If this exhaust gas is allowed to flowthrough a conventional 
three-way catalyst, the oxidation Action' becomes more active and the reduction action becomes inactive. That is, it 

10 becomes easy to oxidize hydrocarbons (HC) and carbon monoxide (CO) info CO2 and H 2 0 by oxygen, but it becomes 
difficult to Reduce NOx into N 2 in ari oxygenYich -exhaust ! gas. In view of -this, it has beendesired to provide a catalyst 
that can efficiently remdve NOx f rom an exhaust gas bri the lean side,' that' is, an oxygen rich exhaust gas. 
[0063] " Each'of JP-A-1-127044 J ahcf JP-A^68888 discloses an exhaust" gas purifying catalyst having a first layer 
containing a cateltfic component (noble metal) and a second layer containing zeolite - JP-A-1-31 0742disclbses another 

15 zeoke'datalytic layer containing copper by ion exchange and noble' metal. JP-5-1 68939 L discloses another catalyst 
containing a'metalfcbntainirlg^ilicate having noble and'trahsitibn metals loaded thereon: Heisei-9th (1997) Shokubai 
Kenf^uMappyouter^resenteticci of Catalyst Studies) Koen Ybkoushu (Proceeding) 3A01 , pp. 61 discloses that cobalt 
phosphate; loaded with Pt/ahd gaiiium phosphate each have NOx reducing activity. JP-A-6-55075 discloses an exhaust 
gas pUrtfying catelyst made of a^phbsphate loaded with at least one metaf having a catalytic activity. JP-A-4-83516 

20 discloses a method fbr J removing NOX'by Jsirig aTirst catalytic layer, in which fuel is introduced and decomposed, and 
a second catalytic iayeV/where.NOx is decomposed in the'pYesence of the decomposed fuel. JP-A-6^1 46869 discloses 
an exhaust gas' purifying devitie having a hydHocarbon 'adsorbent disposed downstream of a NOx reducing catalyst. 
jp-A-1 0^57763 discloses art exhaust gas purifying catalyst in which a hydrocarbon adsorbing'layer is interposed be- 
tween a substrate and a catalyst loaded layer. JP-A-5-3'21655 discloses a method for purifying a diesel engine exhaust' 

25 gas, in which a first catalyst,' having a transitioh^metaf-obntainihg crystalline silicate, and a second three-way catalyst 
are disposed in the ; exhaust passage. jp-A-7-i'9031 discloses an exhaust gas purifying device havihg a NOx reducing 
catalyst.'a hydrocarbon adsorbent, and a means for adding hydrocarbons: Each of JP-A-7-1 24479 and JP^A-7-1 441-34. 
discloses an exhaust gas purifying catalyst containing a? crystalline aluminosilicate (zeolite) having Cu and at least brie 
selected from B, ; P, Sb, and Bi. JP-B2-2600492 discloses "an exhaust gas purifying device having a NOx adsorbent 

30 that absorbs NOx on the leah side and releases the absorbed NOx whenlhe oxygen concentration of the exhaust gas 
is lowered. " ... . 

[0004] ' It is an object of the present invention to provide a device for purifying an exhaust gas, which device is capable 
of purifying NOx' contained in an oxygen rich exhaust gas; When the exhaust gas temperature and the HC/NOx ratio 
of the exhaust" gas are each low. ' ' 

35 [0005] According to the present invention, there is provided a device for purifying an exhaust gas. This device com- 
prises a NOx-adsorbirtg-and-reducing material (catalysi) that is capable of adsorbing a NOx and'accelerating a reduc- 
tion of the adsorbed NOx into N 2 , within a N0 2 -fbrmihg temperature range where a reaction represented by the following 
formula (i) proceeds, \ ... . . .. - 

40 . ,'. - ■ -. , ■ 1 2N0+0. 2 r^2NO 2 . . ' , . K ..*.).,-.■,<, (1) 

wherein, within the N0 27 .forming temperature range,' the concentration of hydrocarbons and/or carbon monoxide of the 
exhaust gasjs varied at an inlet of the'NOx-adSorbing-and-reducihg catalyst', such that the adsorbed NOx is selectively 
45 reduced by the hydrocarbons and/or carbon monoxide into N 2 . 1 ; V , v 

BRiEF DESCRIPTION OF THE DRAWINGS ° ^ 

[0006] , / ;\ ;' v : . "". ' ' — ' ; / '. 

SO ■ ' ' -' " ' '• - ■-■ ■ •: • ■ 

Fig? 1 is a ^sectional view showing aVexemrjIary' catalytic' converter according to the presentihventioh, having 
upstream and downstream catalysts; "_ ^ ' . . 

Fig. 2 is ah enWged sectional view showing an exerriptary downstream catalyst according to a first preferred 
embodiment of the present invention, haying first; secondhand third catalytic layers formed on a substrate; 
55 Fig. 3 is a vi w similar to Fig. 2, but showing arioth r exemplary dowhstr am catalyst according to "a second 

preferred mbodiment of the present invention, having a single catalytic layer formed on a substrate; and 
Fig. 4 is a graph showing th variation of the perc ntage of the removal of hydrocarbons (HC) and NOx from the 



2 



EP 093SO55..A2 

xhaust gas with th catalyst temperature of the catalytic conv rter according to Example 26. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 [0007] A device for. purifying ,an exhaust gas according to. the present invention will be described in detail in the 
following. As is seen from Fig, ,1 ^this;device 1 0, that is, an exhaust gas purifying catalyst or catalytic converter preferably 
comprises a hydrccanbon-acJsorbing-^clHdesorbing material and. a NOx^dsonbing-^nd-reduQjng rhaterial (catalyst) 
arranged in the exhaust gas passage, The Respective arrangernents pf these materials in the.exhaust. gas passage 
are not particularly limited. Fat example, it is preferable 'to. disptose, jUiei .N^-adroitoiqg^^-reducHg mafenaj down- 

io stream of the hydrocarbon-adspit)ing-and^esorbjr\g material in the exhaust gas passage. ,-thusl "Hereinafter, the NOx- 
adsoming-and-reducing.rnateriaj and the.hyd/qcarbon-adson^ing^^^^^ wip. ajsp respectiyejy pe re- 

ferred to as downstream and upstream catalysts. 12, 14 <£ee : Fig.,1). Tjiehyd/p^ 

terial may efficiently adsorb pr trap hydrqcarbpns, when the exhaust ga&hasa tow, temperature (e.g.^ less thap 3p0 o C), , 
and then may desorb or release the adsorbed hydrpcarbonsat pne time when the exh^us^ ' 

is to a temperature that is necessary for reducing NQx,(e.g:. at least 30q o C} ; , N 9xjs efficiently ; ielect.rveiyjeduced r b^_ i 
the hydrocarbons deso*ed from, tne^hydroc^ aline. Nr^-adsbrbing-3n,d-rf- 0 

ducing material-, py ; arrangiog the ,NOx-adsprp_ing-and^reducing material dpvynstream 1 of the l^r^r^^cj^r^qi^ 
and-desorbing material, In othe*worc£,.t}ie hydrocar^^ m^y t>9 varied or, ^c'reasfed 

at an: inlet, of 1he,NC^radsprb|ngrand-reducing material (catajys$by,de^^ trpm t h a . fpycl roqar^h - ; 

20 adsorbing-9nd-desorbing material. Thence desorbed hydrocarbons may efficienUy seie^ 

with NOx adsorbed on the NOx-adsorbing-and-reducina th« deso^ed hydrooarboris _may.np1 bp 

oxidized, byqxygen of the exhaust gas, but may selectively be. oxidized. by.the adsprbed'NPx, even'thoughjhe exbauft ^ 
gas cpntains an excessive amount of oxygen (e.g., A/F is at least 18), and at the.same tjme the NOx may be jedgcecl 
to Ng.. Similar to the : above, it is optional to vary the concentration of f carbon monoxide or that ojf ,hyd^c>caippris anq\ 

2S carbon mqnpx.ide.-of the exhaust gas at an inlet of the. ^NOx : adsprbing-and:reducing qgtatyst, in order ,tp efficiently 
selectively re^duee the adsorbed IslQx by carbon monoxid_e or a ; combination of hydrocarbons and carbon, rppncMidfe. . 
The vqlume ratio of v the upstream catalyst to the downstream catalyst is preferably, within a range f rprri 1 :6 to i : 1 . Within -. 
this .range, ihe NOx purification capability of, the catalytic converter improves particularly. . if jt Is less.'than 1.:6, the. 
hydrocarbon trap effect , may become insufficient, If it is. greater than 1:1. heat capacity of the upstream catalyst.rn'ay. , 

30 become too large. This may interfere wjth.thaactivitypf tha downstream catalyst in reducing NOx at a.lpw, temperature. 
[0008] The conditions for using the device 10 are not particularly limited, the device is capable of purifying an oxygen-,, 
rich exhaust gas exhausted from an engipe driven with an air-rfuel ratio (A/F)pf,at least 14..7 (14.7 is.the stoichiometric 
A/F), particularly an A/F of. at least 18, This exhaust gas, which is to be purified by..the,deyice 10, ma^ contain, hydro- 
carbons, carbon monoxide, NOx, etc. and has an oxygen concentration of at least 5%, a,rjiolar ratio of hydrocarbons. 

35 to NOx of up to 1.0„ anda low temperature of about 1 00-450°C. If the exhaust gas has atop-low oxygen 'concentration 
and a too-high hydrocarbon concentration, so-called "caulking: op the catalyst surface hydrocarbon deposition 
on the catalyst surface) may, occur. This may accelerate catalyst deterioration. It is possible tause the catalyt ic converter 
of the invention for a long time with a high exhaust-gas purification capability by adjusting the exhaust gas" to have an 
oxygen concentration of at least 5% and a molar ratio of hydrocarbons to NOx of up to 10. According to the invention, 

40 jt is not necessary to intentionally adjust the A/F to the stoichiometric A/F or the rich side for the purpose of reducing 
NOx. In other words, an exhaust gas that is always on the lean 'side? particularly that from an engine always driven 
with an A/F of at least 18, can effectively be purified by the device 10 of the present invention. Furthermore, it is not 
necessary to add a hydrocarbon(s) as a reducing, agent into a leappbutrj, exhaust gas. It shouW be noted that a fuel- 
rich exhaust gas caused.by the acceleration, etc.. can also be purified by thi? i device' 1 0. Tpq upstream and downstream 

45 catalysts may be prepared by forming catalytic coatingson honeycomb monolithic substrates,' respectively. Th^ 

of each substrate is not particularly limited. It may be a ceramic (e.g., rordierite) or metal material (e.g., ferrite-based 
stainless steel). It is optional to form catalytic coatings themselves of the upstream, and dpwnstream catalysts into, 
honeycomb shape. If the upstream and downstream catalysts are in honeycomb shape, the contact area between the 
catalyst and an exhaust gas becomes substantially large. Furthermore, the pressure loss does not become so large, . 

so Therefore, a honeycomb shape catalyst is particularly preferably as an automotive catalyst, which is used under a " 
certain vibration and is, required to treat a large .amount of exhaust gas. in. a Kmjted space. It is easy to prepare a 
muttilayered catalytic coating, whicfThas a plurality of layers having different functions^ by formihg the coating on a 
honeycomb shape sub^trate..The number of the upstream and dpwnstream catalyst's is not particularly limited, so long 
as the device h^s at least one T upstream, c^taly^t ^nd at least one dc%ist'ream catalyst. For example, the device may 

ss have two downstrearn catalysts per one upstr am catalyst. Furthermore, the de'vic may have at least two pairs .of 
upstream and downstr am catalysts. 

[0009] The upstream catalyst 1 4 adsorbs hydrocarbons of the exhaust gas. at a first temperature lower than T° C that 
is within th above-mentioned N0 2 -forming temperature rang and desorbs the hydrocarbons at a second t mperature 
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that is not lower than T°C. th downstream catalyst 12 adsorbs NOx of th xftaust gas within th NO^-forming tem- 
perature range and is capable of accelerating a reduction of the NOx into N 2 at a third t mperature that' is not -lower 
than T°C. The capability of reducing NOx of the downstream catalyst-does not, however.-depehd on the"N0 2 -forming 
temperature 1 range. The NOg forming temperature range is preferably lower than 350°Cj it is pref fable fo select a 

s suitable hydrccarbdri-adsorbing-and-desofbing material as the upstream catalyst, depending on the type of hydrocar- 
bons contained in the exhaust gas, iri order to adjust the abdVe4nehtioned T°C to be lowelr thari"300 o C: : 
[0010] As mentioned above, the device forpurifying an' exhaust gas-according to the present- invention preferably 
comprises a hydrbcarbori-adsdrbing-and-desorbirig material (upstream catalyst), which adsorbs-hydrocarboris at a 
temperature range Ibwer than SOCTC'and desdrbs the hydrocarbons at a temperature range not lower than 300 o C, and 

10 a NOx-adsorbing'-and-redticing material (downstream catalyst)', which adsorbs N0x at aterhperature range lower than • 
300°e and accelerates the NOx reduction at a temperature "range not lower than 300*C. In tacT, when an exhaust gas 
flowing 'through the upstream catalyst has a temperature lower than 300 B G, such i as shortly after the cold-start of the 
engine; the amount of hydrocarbons flowing towards the dowhsfream catalyst '-decreases due to the adsorption of 
hydrocarbons on the upstream1:atafyst. Under this condition, a substantiallyiarge amburit of NOx is adsorbed on the 

is downstream catalyst, thereby to highly effectively remove NOx frbnra lbw : temperature exhaust gas.When ah exhaust 
gas fiowing through the up'stre'a'm catalyst has a temperature riot iowef thari 300^C;'hydrocarbons ? desbrbed from the 
upstream' flows through the downstream catalyst. With this, these hydrocarbons are brought mttfcontact with the ad- 
sorbed 'NCx'iri i thd downstream catalyst. Upon this; the molar ratio of"HG/NOx becbmes -substantially'high on th 
surface of the downstream catalyst. Therefore, NQx is" effectively reduced by the de^orbed hydrocarbons. The NOx 

20 adsorbed on the downstream' catalystis J assumed to have a higher reactivity, such thai this NOx is assumed to be 
easily reduced by trie desofbed hydrocarbons: When an exhaust gas flowing through the upstream catalyst has a 
temperature' lower than 300°C/NOx is removed basically by adsorption. Thus/ even if a R-based catalyst is used iri 
the dbwristrearn catalyst, it becomes possible td suppress the'generatibn of N 2 0, which is one of global warming" bases. 
[0011J The hydro^rtyon-adsb'rbing-and-desbrbing material of the upstrearri 'catalyst preferably comprises at least 

25 one zeolite selected from the group cohsisting of MFI zeolite, Y4ype zeolite, mordenite, and p-zeblite. The af least one 
zeolite 'is capable of efficiently adsorbing hydrocarbons. Of Y-type zeolites, USY-type zeolite is preferably used for the 
purpose of improving the catalyst inhydrbthermal resistance. Each zeolite'used in the invention is pref erably subjected 
to hydrothermal treatment, re-synthesis, and the like, in orderto increase cry^tallinity. With this, it may become possible 
to obtain 'a' catalyst that is high In heat resistance and durability. The'above-mentione'dMFI-izeolite, Y-type zeolite, 

30 mordenite, and P-zebiite are respectively preferably within ranges of 20-1,000; 4 : 50, 9-25, and 20-150, with respect 
to the molar ratio of sfrica to alumina of these zeolites. If the ratio is< lower than the corresponding range, the zeolite 
skeleton rhay become unstable. If the ratio is higher than thecbrresbbnding range.'the zeolite may become insufficient 
in retention of hydrocarbons. Thus, the zeolite of the'upstream'catalyst may not sufficiently -retain hydrocarbons until 
the downstream catalysft starts the NOx reduction. The 'at least one zeolite of the upstream catalyst is' preferably in an 

35 amount of 30-300 g per liter of the upstream catalyst. With this, the upstream catalyst does riot become too large in 
heat capacity and thus does not interfere with the i activity of the dowrtstrearn catalyst. - ' 
[001 2] It is preferable that the at least one zeolite of the upstream catalyst supports thereon a NOx-reducing com- 
ponent that is at least one metal selected from the group consisting of copper, cobalt; iron, mangariese,_silver, indium, 
iridium, and rhodium/ With this, the upstream catalyst Is provided with thecapability of reducing NOx. Thus, the exhaust 

40 gas can more efficiently be purified. The amount of the NOx-reducing component is preferably from 1 to 20 wt%. With 
this, NOx can more efficiently be purified upon the desorption of hydrocarbons from the zeolite of the upstream catalyst. 
[001 3] Furthermore, it is optional to add a phosphate to the upstrearri catalyst for the' purpose of improving the-ca- 
pability bf'desorbing hydrocarbons and' accelerating the NOx purification 'This I phosphate may be at least one phos- 
phate ofai least one element selected from the group consisting of Cu, Ag, Mg, Zn, Sn, l Cr, Mb, W; Mrv, Co, and Ni. It 

is is assumed triat the phosphate of the upstream catalyst serves tb modify the adsorbed hydrocarbons, particularly so- 
called "heavy hydrocarbons" having a larger number of carbons in the rhbiecule(s), into "light hydrocarbons" that have 
a smaller number of carbons an.d thus are more active in the NOx reduction than the heavy hydrocarbons, through 
partialoxidation or oxidative dehydrogenation' of the heavy hydrocarbons. r " » •' ; ~ ■' 

[0014] the additive of the upstream catalyst that is, the above-mentioned NOx-reducing component arid/or the 

so phosphate, is preferably loaded on a refractory inorganic support having a specific surface area of at least 60 rri^/g. 
With this? it becomes possible to irhfJrovb'the adc/itive in dispersibility and thus" in its function. The refractory inorganic 
support may be' at'least one inorganic oxide selected from alumina, silica, zeolite, magnesfa, titariia, and zircbnia. In 
fact,' it is optional to use a'binary inorganic oxide, such' as sNica^alurriina, alumina ; zircbnia, J br alumrria-magriesia.it is 
preferable to use zeolite, particularly MFI zeolite or mordenite, as a refractory inorganic support for loading thereon 

ss the NOx-reducing component. " 1 ' " " ' 

[0015] ln J th pr paratibn of the upstream and/or downstream catalyst, metals used therefor may be iri th form of 
mineral salt, carbonate, ammonium salt, organic salt (salt of organic acid), oxid , sodium salt, amrnine compl x, etc. 
In particular, such metal is preferably in the form of a water-soluble salt, in order tb improve the catalytic capability. 
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The method of .loading thorp tal on a support in the preparation of the. catalyst is not particularly limited, and may be 
one of > corn/ ntional -methods, such asdrying through evaporation,. deposttion, .impregnation, and ion-exchange, so 
long as the distribution of the metal on the support does not become substantially lopsided. In particular, it is preferable : 
to use icin-exehange in. loading a metal on zeolite, in order tq.obtain a sufficient dispersibility of the : rnetal thereon. In 
s cases of ion:exchange and impregnation, the metal may be^dissplved in ,a solution. It is optional to adjust pH of this 
solution by adding an acidor base, thereto. By adjusting pH, it may.be possible to regulate the condition of the metal 
loaded on support, and; obtain a sufficient heat resistance. The catalyst obtained by loading at least one metal on a 
support may be^jourid into a powder and then formed into a^slurry-.Thi? slurry may be applied to a catalyst substrate, 
followed by heating at a temperature qfi400-900°C, thereby to obtain.a^catalytic converter of the invention. 
10 [0016] The upstream catalyst may be, prepared by fomnjrig-on a ( jsubstrate a first refractory inorganic oxide layer 
loaded with the above-mentioned phosphate, and^the/xby formjng opjthe firsj layer a second refraptoryjnorganic oxide \ 
layer loaded with the above-mentioned NOxj-reducirig component. The resultant laniinate of the iirsjtapd second layers,., 
is capable of making each of the.l^x-reducing.,comppnent and, phosphate function effectively. In fact, "heavy jiycjro;.. 
carbons* adsorbed on the first layer, is.mp^ified in^%'Hght.hy^rp^rtx3n^' by the phosphate of jhe first layer,. _ancj .the 

is light hydrocarbons desorbed from the. first layer reduce NQxJn tjie presence, of .the NOx-reduciryj pprpponent upon, , 
passing through the second layer. Itiis. np{ preferable to reverse, th© order of th,e. fir^t and.second layers, in thiscase,-. 
the light hydrocarbons are released, frqm the, first, layer loaded with the phosphate, which first layer is/formed; on, trje r 
second layer, into the gas phase,- without passing ; thrpugh the second layer' Ipade^J with-the NQxTrerfuc^ component. 
Thus, tte.jij^thydrpc^rfcpnstare net effectively used, in red,ucir^g ^O^c, x . t . .^...^ '.■ : . 3 r „ .,. ... f) , ,,. v .- 

20 [0017] lAdoyvnstream^ca^alyst l 2 (NQx-adsorbing-and^reduciog catalyst) accprdinp to a, first preferreo' erpbodirrjant 
of the present invention will be described in detail in the.£o! lowing. As. is seen from Fig. 2, .th^, dcv^sfr earn .catalyst 12 
comprises a^ubsirate \6 and a .laminate of first, second and trjird catajytic layers 18, 20^22. The first layer, ^jB, is formed . 
on the substrate .1.6 and contains (1 ) at least one first component ; (r\oble metal)selected from Pt, Pd,and Rh and (2); 
at least,on_e,se<^ond,cpmponent selected from alkali metals, alkajj.eatfhj metals, and rare, earth elements, pue.to the r 

ss addition of the at (east one noble metal, the first layer i&flrpvided ywth<qxidation power for oxidizing NO to NCfe.. Under 
the lean condition;. this NJ0 2 is absorbed into the first layer, for -example, in the fprm of Ba(N0 3 ) 2 , by.removing an excess 
of the reducing gas component (hydrocarbons). In other words. if the arnount of hydrocarbons is excessive^for example, 
Ba(N0 3 ) 2 js decomposed into Ba and N0 2 ;.The amount of jthe at least one noble metal is not particula/iyjimited.so • 
long as it becomes possible to obtain a .sufficient NOx absorption capability and, a sufficient three-way xatalyjic capa- ... 

30 bility. The arriount of-the at least one noble metal is preferably from 0.1 -to 10 g per liter of the-downstream catalyst. If ... 
it is less than 0.1 g, the three-way catalyst capability may become insufficient. An amount greater than .10 g may not 
bring about a significant advantage's).^ is preferable that the arnpunt of the at least one second component is greater, 
than 0. 1 mol and up to 0.6 moi per !iter,of i .the dqwnstream catalyst, , It it is npt greater than -0. 1 moi, theampunt of NOx. - 
absorption may become insufficient If it is greater than 0.6 mol, the advantageous effeptof the addition of the at least 

35 one noble metal may be impaired. Regarding the at least one second component, it is preferable to use potassium, . 
lithium, and sodium (sodium is particularly preferable) as the alkali rnetals; and barium, strontium, calcium.and mag- 
nesium as the alkali- earth metals; and Y, La, Cs.-Ce, Pr, Nd, Pm.and Sm. (Cs and Ce are particularly preferable) as 
the rare earth eiernents^he.fjrst.patalytic layer may have.a function of oxidizing a NOx into another NOx thathas a 
higher reactivity.. 3 Tjhus,Jtrray-Kincrease the activity of a NOx reducing ^material of the third catalytic layer at r a low 

40 temperature. ^ { . wli , . , , ...... L ,.. >: .,-. : , » c • , , ,, ,, 

[0018] . As mentioned above,, the. downstream catalyst J 2 according tathe-first preferred embodiment of trie invention 
comprises. the second catalytic layer 20|formed-on.the.first catalytic layer 1.8, (see Figs. 1 and 2). The second catalytic- 
layer 20 contains alumina and/or, silica and is provided in order to separate the. first and third catalytic, layers 18, 22. 
The secondjayer is preferably substantially free of noble metal. Due to theproyision of : the second layer, it becomes , 

4 $ possible to improve the active components of the- first and third layers in thermal stability and thus improve, the down- . 
stream catalyst in durability, ft the second layer is omitted, the active components of tfie.first and, thircl.l.ayers may react ., 
together by the direct contact of. these layers,. This may make the first and third layers interior.in cataJytic,actjvity..Tha.^ 
amount of the second layer is preferably from 20 to, 100, g per.liter of the downstream catalyst, Jf iUs less, than 20 g,, 
the second layer may not properly function. as-a separation layer. If it is greater than 100jj, the exhaust gas may not. 

so easily reach, the first iayer,by diffusion.- - - . . ., : . ^ l" .[ , 

[0019]. As mentioned above, the downstrear^c»talyst A 12accord.ingto,the first prefeired embodirpent of the invention 
comprises the thjcd catalytic byei^22 formed on the secc^d jayer 2Q,(see Figs.. . 1, and 2). The third catalytic layer .22 
contains .a^zeolite^.haying; copper- and/or cobalt Npnljmitativ.e examples, ot , this zeolite are MFI-type.zeplite, Y-type 
zeolite, mordenit.Q, f erriorite,. and P-type zeolite. Of these, MFJ-type zeolite. and.p-type zeolite are preferable, due to 

ss their high NOx purification capability. The molar ratio of silica to alumina of th z olite of the third lay r is.preferably 
from 20 to 80. !f it is less than 20, th zeolite sk I ton may b come unstable. Furth rmore, the amount of the Cu and/ 
or Co loaded on the zeolite by ion exchange may become excessive. With this, dispersibility of th Cu and/or Co may 
become inferior, and thus the .activity of one activ site may substantially decrease. Furthermore, th active sites tend 
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to cohere, for example, at a high temp rature, thereby to make the third lay r inferior in catalytic activity. This phenom- 
enon is called "sintering". If the molar ratio is greater than 80, the number of the active sites may become too small. 
This may make the third layer insufficient in catalytic activity. The Cu and/or Cb'loaded on the zeolite! serves to purify 
NOx of a lean-burn exhaust gas. The amount of the Cu and/or Co is preferably from 0.05 to 0.5 moles per liter of the 

5 downstream catalyst Within this range, the sintering (cohesion of the active-sites) does hot easily occur by heat. The ■' 
amount of the third layer is preferably from 120 to 300 g per liter of the downstream ■ -catalyst: "If it'-is less than 120 g, 
the catalytic activity of the third layer' may become insufficient when an exhaust gas passes through the downstream 
catalyst with a high space velocity. If it is greater than 300 g, ; the exhaust gas may not reach the first or second layer 
through diffusion. Furthermore, the pressure loss may 'becdme significant- Hydrocarbons desorbedfrom the upstream 

10 catalyst are efficiently trapped by the zeolite of the third layer, when the temperature of the exhaust gas is low. When 
the temperature increases and then falls within a range, where the NOx reducingrriaterial (Cu and/or Co) is activated, 
NOx is acceleratingly reduced by the hydrocarbons, jt becomes possible to more efficiently reduce NOx by the hydro- 
carbons, J jf the NOx reducing riWefial is unifbrrnly' miked wtth trie zeolite. Hydrdcaibons are modified in the first layer 
intb^^t^^rocirbofs having a hign'er activity Is a NOx reducing" ag^hVand NOx is efficiently reduced by the 

is activated hydrpcarbpns in the mfrdfaye'r:' " --■ ■'■■■■:> 

[0020) s Th| •updre>m 1 cataiyst I and the first catalytic layer of trie ddwnstrearn catalyst according to the first preferred 
embc&imeht may assjsT the third cataiyticj^yer of the downstream catalysHh NOx oxidation; hydrocarbon adsorption, 
and ThypVcrariion rn<ocir?icati^n , when the third ^catalytic layer deteriorates tinder a hydrothermal cohdition. Thus; the 
catalytic ; cOTyerter according W suppress catalyst deterioration even under a hy- 

20 droth'efmal con^ 

[QdiiH ] ~, A^dovwistream catalyst (NOx^dsor6ih^-&n3-reducing catalyst) according to" a second preferred embodiment 
of the present invention will beicie^&ek'iri'^e^'iK.tHe following; As is seen from Fig. 3, this downstream' catalyst 12 
comprises a $ubstrate~24 and a cataiyti8'ayer' ! 26 tarrfred therebn. This catalytic layer Way comprise a NOx= reducing 
component, "that is," Pt and/or Rh; for purifying NOclt/is optional to add a NOx adsorbing component (adsorbent) to 

25 the catalytic layer in order to improve NOx adsorption' efficiency, this NOx "adsorbent is selected from K, Na, Cs, Li, 
Ba, Ca, La, Y, Ce, and mixtures thereof. The NOx reducing component and/or the NOx adsorbing component may 
optionally be loaded ori a refractory inorganic support, in order to improve their functions: This support may be -the- ; 
same as that for supporting therebn the additive of the upstream catalyst. Therefore, the'detailed description relating 
to the refractory inorganic support will not be repeated here. 

30 [0022] The following nonlimitative Examples 1-21 are illustrative of the first preferred embodiment of the present 
invention. , 

EXAMPLE 1 ~ " '. ' " " i " ' ' ' ; * 

35 (A) Preparation of Upstream Catalyst 

[0023] An H-type |$-zeolite, having a molar ratio of Si0 2 to Al 2 0 3 of about 25, was mixed with an alumina sol and 
water, ancf this zeolite in the resultant mixture was ground for 20 min in a magnetic ball mill pot; thereby to obtain a 
slurry. Then, this slurry was applied to a cbrdierife monolithic (honeycomb) substrate having 1 a volume of 4.0 liter and 
40 about 400 flow paths (cells) per 1 inch 2 of section/ Then, thd'coated substrate was dried by hot ; air at 1 50°C and then 
baked at 500°C for 1 hr, thereby to obtain an upstream catalyst having about 150 g of the catalytic coating formed on 
the substrate, per liter of the substrate. 

(B); Preparation of Downstream Catalyst ' j 

45 ,„• -J,„ .... . . ; >■ : . ..... . ., .■. . ... .; \r , ; ■ ; ,-, . .... ■■ 

(1) Formation of 1st Catalytic Layer of Dbwnstream Catalyst - " : " .-v. 

[0024] An activated alumina powder was added to a dinitrodiammineplatinum aqueous solution. Then, the obtained 
mixture was stirred well, then dried for 8 hr at 120°C in a drier, and then baked for 2»hr at 500 S C in an air stream, 

so thereby, to obtain a.platinum-supporte'd activated alumina' powder. This catalytic powder contained about 1 .0'wt% of 
platinumr then, 'water and an" alumina sol acidified with nitric acid were added to the catalytic powder in a magnetic 
ball mi il pot, and then it was driven forabbut 2Q rriiri for mixing and grinding, thereby to obtain a slurry of the Pt : supported 
activated alumina. This slurry contained 5 wt% of the alumina sol. Then, this slurry was applied to acordierite monolithic 
(honeycomb) substrate having a volume of 1 .0 liter and about 400 flow paths (cells) per 1 inch 2 of section. Then, the 

55 coated substrat was dri d by hot air at 1 50°C and then bak d at 500°C for 1 hr, thereby to form about 35 g of a coating 
on the substrate, per liter of the substrate. Then, the coat d substrate was dipped in an aqueous solution containing 
calcium acetate, barium acetate and lanthanum nitrate, then withdrawii therefrom, then dried at 1 20°C; and then baked 
at 500°C for 1 hr, thereby to obtain a first catalytic layer containing 0.1 mol of calcium, 0.1 5 mot of barium and 0 1 mbl 
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ot lanthwum, formed on the substrate. . -„ . . ., .. . 

(2) Formation^ 2nd Catalytic Layer of Downstream .Catalyst, . 

[0025] Analurnina so) and water were added in a magnetic ball mill pot to an active alu/nina powder containing^ 
alumina asa main comppnertt, and. then it was driven fonabout 20;min for mixing. and grinding thereby to obtain a 
slurry. This slurry contained 5 ; wt%,or.the alurnjna soL based on an oxide (AfeOg). Then, this slurry was applied to the 
substrate coated with, the. first.eatalytic layer. Then, the coated substrate. was driedby hot airat i50°C and then baked 
at500°Cfor1 hr; thereby to form about 55 gpf a secon^^ 

(3) Formation-of 3rd Catalytic L^er^jboy^fis^'G^tf^t. .'. . 

[0026]. An NH 4 -type MFIzeolite, having a rrtolaj ratio pf.SiC^ to Al 2 6 3 of .about .35 was fd0^;to5'O^7^a^eous 
solution containing therein; copper nitrate and cpbaft, nitrate. This aqueous solution had a molar ratioof Cu' J to Cp of 
8.2. The obtained mixture was stirred well, and then a solid phase of the mixture was separated from a liquid phase 
thereof by filtration.-- This stirring and, the. subsequent separation were repeated, thrpelf jrhes^ thereb'y to obtain a fyiFf„ 
zeolite cake having Cu and Co toaded.therepn. by ion exchange. Then,.this cake was dried at. 120°C m a drier fdr a 
period of time of not less than 24 hr and then baked in an electric lumace.at 66o°C,for"4 hr'up^r.9S0^|^'*anbi^nt 
condition'ttiay^g tjfie^prma) air cornposjtton and atmospheric pressure, thereby^tojobtain 4l$rl if^epQwdwf^iing. 
3.9 wt% of Cu and 0.8 wt% qf Co, whicft are supported thereon. Then, .2 parts ^by (weight of the. obtained Mrt' zeolite, 
powder and -i .part, by wosoh of -in hrn r e ft e . r a n »J a . atic or SiQ-, t*j A^Cjg «f «sbc.«i 2Z were mixed •# itfi 
an alumina sol and water, ina magnetic ball mill pot, and then it was driven for 20 o min for grinding, thereby to obtain a 
slurry; Jhis flurry wasappliedtothe coated substrate having the.fjrst and second catalytic layers,, and then the coated 1 
substrate was.dried in a drier for 8 hr at 1 ; 20"C. arid then baked at 450"C,fpr 1 hr in an air stream, thereby to obtain a 
downstream; catalyst. having about 300 g,of.a third catalytic layer lorrned on the second catalytic layer, per liter of the 
substrate., - / ,. . (i . . . r • i - . '. "' ■' , " ' r . ' '' 

[0027] .JT^eifc .1 partr.by volume of the upstream catalyst and 3 parts by volume of the downstream" catalyst wer 
connected together, thereby to, obtain a,catalytic converter according to the first preferred embodiment of the invention'. 

EXAMPLE 2- , , ..!-,--', ■■< . ' '' '„.'■- r "l'. .' 57 

[0028] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
Example 1 except in that the NH 4 -type MFI zeolite used in the preparation of the third catalytic layer of the downstream 
catalyst was replaced with an NH 4 -type P-zeolite having a molar ratio of SiO a to Al 2 0 3 of about 42. 

EXAMPLE 3 ; ' < 

[0029] A catalytic conyerter r according to the first preferred embodiment of the invention was obtained by repeating 
Example 1 except in that the H-type j)-zeolite used in the preparation of the upstream'catalyst was replaced with an 
NH 4 -type Y-type zeolite having a molar ratio of SiCfe Jo Afeba of about 30,,' 1 '" ' 

EXAMPLE 4 '' ' ' ' ' : : ' •'• 

[0030] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
Example 1 except in that 1.0 wt% of platinum used in the preparation of the first catalytic layer of the 'downstream' 
catalyst was replaced with a combination of 1 .2 wt% of palladiurn and 0.2 wt% of rhodium. 

EXAMPLE,5 ; 

[0031] ..Acatalytic converter according to. the first preferred embodiment of the invention was obtained by repeating 
Example V .except in that a combination of.0.1 mql.pf Ca, 6. 15 mol of'Ba and 0. \ motof La, used in the preparation of'' 
the first catalytic, Igyer, of the downstream catalyst, was. replaced with a combination of O.&i'mql o(Mg\ 0. I.mof of Ba 
and0.01mol.ofK.. ■ CK J r , ,- , '. '..'.*.,, / - ' . ' : ' 

EXAMPLE 6.., •" ? s , _,~ " , ... 

[0032] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
Exampl 1 except in that a combination of 0. 1 mol of Ca, 0. 1 5 mol of Ba and 0. 1 mol of La, used in the pr paration of 
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the first catalytic layer of the downstream catalyst, was replaced with a combination of 0.2 mol of Ba, 0.05 mol of Sr, 
0.04 mol of Cs and 0.29 mol of Ce. 

EXAMPLE 7 

[0033] A : catalytic 'converter according to'the first preferred embodiment of the' invention was obtained by repeating 
Example 1 except in that the NH 4 -type MFI zeolite powder used in the preparation of the third catalytic layer of the 
downstream catalyst was replaced with an H-type MFI zeolite having a molar ratio of SiOg to Al 2 0 3 of about 24. 

10 EXAMPLE 8 

[0034]' A catalytic converter according to" the first preferred embooHment of the invention was obtained by repeating 
Example 1 except in that the NH 4 -type MFI zeolite powder used in the preparation of the third catalytic layer of the 
downstream catalyst was replaced with an H-type MFI zeolite having a molar ratio of SiOg to Al 2 0 3 of about 76. 

15 

EXAMPLE 9 , 

[0035] ' A c caklytid' cortv%rt6r actdrdirtg to the^st preferred Embodiment of the iriventton was obtained by repeating 
Example f except in that the ^rtMated'aiUm'iHa'pbw^ef 'used in the preparation of the 'second catalytic layer of the 
20 downstream catalyst was replaced with a silica powder. ' 

EXAMPLE 10 

[0036] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
25 Example 1 "except in that the H-type' p-zeolite powder used in the preparation of the upstream "catalyst was re'placed 
with an H-type MFI zeolite having a mo\&r ratio of SiC^ to AlgOg of about 35. ' ; ' 

EXAMPLE 11 

30 [0037] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
Example T 3 exce^f in that the H-type p-zeolite powder used in the preparation Of- the upstream catalyst was replaced 
with an H : type mordenite'havihg a molar ratio of Si0 2 \o Al 2 0 3 of about 15. ! ' ° • • 

EXAMPLE 12 

35 

[0038] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
Example 1 except in that the H-type p-zeolite powder used in the preparation of the upstream catalyst was replaced 
with a mixture of 1' part o J y weight of an H-type p-zeoiite having a molar ratio* of Si0 2 to Al 2 0 3 of about 25 and 1 part 
by weight of an H-type MFI zeolite having a molar ratioof SiO^/to Al 2 0 3 of about 700. '.' ' 

40 - " ' • ' ■■• .•■•.>.-• •■■ 

EXAMPLE 13 

[0039] A catalytic converter according to the first preferred embodiment of the invention was&btairied by repeating 
Example 1 except in that the H-type p-zeolite powder used in the preparation of the upstream catalyst was replaced 
45 with a mixture of 2 'parts by weight of an H-type p-zeolite'having a molar ratio Of SiQg to AfcO} of about 25; 1 part by 
weight of an H-type MFI zeolite having a molar ratio of St0 2 to Al 2 0 3 of about 700, and 1 part by weight of an H-type 
Y-type zeolite having a molar ratio of SiO a to Al 2 0 3 of about 30. : "'- J ' ' "' "•' ' • 

EXAMPLE i 4 '■'"'■■'■^ ~- ■ •■''■■ ' - ! •'" : u..' ; ' '* ';_'' '■ ' 

so '''' c *' ,< " '"' ' : -Y : i =■'•?< - ■ ■■■ " ■:■ i. ■•' ;:■.:>.. ■.: Z ■■ 

[0040] A catalytic converter according^ the first preferred embodiment of the invention was obtained by repeating 
Example 1 except in that the amount of the catalytic coating of the upstream catalyst per liter of the substrate was 
changed from 1 50 g to 40 g. ' 

55 EXAMPLE 15 / "" ' ; - ■-•■'- '• • •' • -"'-'v ■. '• '• " '■ ' •'''•' • 

[0041] A catalytic convert r according to the first pref rred embodim nt of the invention was obtained by r peatihg 
Example 1 except in that the amount of the catalytic coating of the upstream catalyst per liter of the substrate was 
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changed from 150 g.to 300 g. . ., , 

EXAMPLE 16 

[0042] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
Example 1 except.in that 1 part by volume of the upstream catalyst and 1 parLby volume of the downstream catalyst 
were connected together- - . £ . 



£°043] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
Example 1 except in that, 1 part by volume of the upstream catalyst and 5 parts, by volume iof .the downstream catalyst . 
were connected together. . _ , . . . ,. , , ^. . ^ '7'.." ? .. . . .. , t . ' f 1 



[0044] A catalytic converter according to the first preferred embodiment of the invention was obtained by repeating 
Example 1 except in that 5wt% of copper was loaded on the H-type p-zeplite oowder by ? usinga ..copper phosphate 
aqueous sqluljpn.in the, preparation of the upstream catalyst, priqr.tothe r^ix^pttrie H-type ^zeolite powder with the/ 
alumina sol and water. * . '. ' ^ '. ".' " e ,' ' ' '' ' " '* ' 

EXAMPLE 19 . _ 

[0045] . . A catalytip converter according to.the first preferred embodiment of the inversion was obtained by repeating 
Example ^except in-that-5 wt% of-iron was (oaded on the H4ype p^zeoljte powder by usjng.ari iron phosphate aqueous 
solution in the preparation of the upstream catajyst, prior to the mix pf,the. H-type p-zeolite powder with ,thq alumina 
sol and water. ' '- "" " ' >•.;"«.,., 

EXAMPLE 20 

[0046] A catalytic converter according* to 4he. first preferred embodiment of the invention was obtained by repeating. 
Example 1 except in that 5 wt% of manganese was loaded on the H-type p : zeolrte powder by. using '^.manganese 
pyrophosphate aqueous solution in the preparation of the upstream catalyst, prior to the mix of the H-type p-zeoiite 
powder with the alumina sol and water. 



[0047] A catalytic cqnyerter according to the first preferred embodiment of the invention was .qbtained by repeating 
Example 1 except in that 5 wt% of ccbalt was loaded qrMhe H-type p-zeqlite powder.by usin'g.a cobalt phosphate 
40 aqueous solution in the preparation of the upstream catalyst, prior to the mix of the H-type p-zeolite powder with the 
alumina sol and water. 

COMPARATIVE.EXAMPLE 1 .. ... 

45 [0048] A catalytic converter was obtained by .repeating.Example .1 excepf in thai the upstream catajy$t was omitted. c 

COMPARATIVE EXAMPLE 2~ ' . '..'X'". _^ . " '/ " ' 

[0049] A catalytic converter was obtained by repeating Example 5 except in that a combination of 0.01 mol of Mg, 
so 0.1 mol of Ba and 0.01 mol of K, used in the preparation of the first catalytic layer of the downstream catalyst, was 
replaced with a combination of 0.03 mol of Mg, 0.04 mol of Ba and 0.01 . rnpl,of ,K,. „. . ... 

COMPARATIVE EXAMPLE 3 ' '' ' " ' J "~ ~ " '"' ' ' " ' ' : j - 

55 [0050] A catalytic converter was obtained by r peating Example 6 exc pt in that a combination of 0.2 mol of Ba, 0.05 
mol of Sr, 0.04 mol of Cs, and 0.29 mol of Ce, used in the preparation of the first catalytic layer of the downstream 
catalyst, was replaced with a combination of 0.3 rnol of Ba, 0.02 mol of Sr, 0.3 mol of Cs, and 0.01 mol of Ce. 
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COMPARATIVE EXAMPLE 4 -•' ■ ■ J ,, , <.,.-••..■;■■, \ . 

[0051] A catalytic converter was obtained by repeating Example 1 except in that the arrioont of the' third catalytic 
layer of the downstream catalyst was 100 g per liter of the substrate. 

COMPARATIVE EXAMPLE 5 ' ' ' • ; ' ' " ■ • • "_' ' ■■ ' ' :: ■';}■' -.pi . 

[0052] A catalytic converter was obtained by repeating Example 1 except in that the amount of the third catalytic 
layer of the downstream catalyst was 350 g per liter of the substrate. : 3 ' : " ' ] 

10 

COMPARATIVE '£XAMPLE6-' ' ' ■ " ! ~ : •uu i / ; :h . .,■ , _ .., • 

[0053] A catalytic converter was obtained by repeating Example 1 .except in'that (he amount of the catalytic coating 
of the' upstream catalysTwas 20 g per lifer of tlrie substrafa '■■ 10 r ,f '•" • " 

15 ■'• ■■ ^ ■' "•■ 'I' 3 ■ : •■■ 

COMPARATIVE EXAMPLE 7 

[0054] Atatafytfcconverter was obtained by repeating Example 1 except in that the amount of the, catalytic coating 
of the upstream catalyst was 350 g per liter of the substrate. : 

COMPARATIVE EXAMPLE 8 ' , 

[0055] A catalytic converter was obtained by repeating Example 1 except in that an H-type p,-zeo(ite,having .a molar 
ratio of Si0 2 to A^O^ of about 10 was used in the preparation of the upstream catalyst, in place of that having a molar 
2S ratio of SiO z to Al 2 0 3 of about 25. - 1 v? : 

COMPARATIVE EXAMPLE 9 -V ■' j ; \ 

[0056] A catalytic converter was obtained by repeating Example 1 except in. that an H-type (i-zeolite having a molar 
30 ratio of Si0 2 to A^Oa of about 200 was used in the preparation of the upstream catalyst, in place of that having a molar 
ratio of Si0 2 to AI 2 O a of about 25. . ,. ■ r \ 

i ' > 

COMPARATIVE EXAMPLE 10 

3S [0057] A catalytic converter was obtained by repeating Example 3 'except in that an NJH^type Y4ype zeolite having 
a rriolar ratio of Si0 2 to AI 2 O a of about 1 .5 wasjused in the preparation of the upstream catalyst, in place of that having 
a molar ratio of SiO z to AI 2 Og of about 30. - •; .< ^ : 

COMPARATIVE EXAMPLE 1 1 I ; : , • '. ■'<■■'■ 

40 , _ ; . , ; . _ . i 

[0058] A catalytic converter was obtained by repeating Example 10 except in that an H-type MR zeolite having a 
molar ratio of Si0 2 to Al 2 0 3 of about 10 was used in the preparation of the upstream catalyst,' in place of that having 
a molar ratio of Si0 2 to AI 2 O a of about 35. : ; . ; , , -. , 

45 COMPARATIVE EXAMPLE 12 . . / . ' . .. J ' ' 

[0059] A catalytic converter was obtained By repeating Example 11 'except 1 in tfiat an H-type mordeoite having a 
molar ratio of Si0 2 to Al 2 p 3 of.anout 7 was Lse.d in the preparation of the upstream catalyst, in place of that having a 
molar ratio of Si0 2 to Af 2 0 3 of about 15. - C ;.v : ■ : . .* « ! u_- . i- ; .-i I 

so , ' ■ • ■ ; '*> : " 

COMPARATIVE EXAMPLE 1 3 . ; - .. , . .- .. ' : C V ' 

. ■'■ • x ; ! ' - : - ■ . 

[0060] A catalytic converter was obtained by repeating Example 1 except in ,that'-2 parts by volume of the upstream 
catalyst and T part by volume of the downstream catalyst were connected together. ~ 

55 

COMPARATIVE EXAMPLE 14 

[0061] A catalytic converter was obtained by repeating Example 1 except in that 1 part by volume of the upstream 
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catalyst and 7 parts by volume of the downstream catalyst were connected together. .,. - 

COMPARATIVE EXAMPLE 15 . .. • ... . 

5 [0062] A catalytic converter was obtained by repeating Example 1 except in that an NH 4 -type MFI zeolite having a 
molar ratio of SiO a to Al 2 0 3 of about 17 was used in the preparation of the third catalytic; layer ^of. the downstream 
catalyst, in place of that having a molar ratio of Si0 2 to Al 2 0 3 of about 35. 

COMPARATIVE EXAMPLE 16 ,V ; : \ . .,• " '■ ... 

io " 

[0063] A catalytic converter was obtained by repeating Example 1 except in that an NH 4 -type_MFJ zeolite haying a 
molar ratio of SiO a to Al 2 0 3 of about 82 was used in the preparation of the third catalytic layer of the downstream 
catalyst, in place of that having a molar ratio of S\Q 2 to AI 2 O a of-abpjut3§. v . .... ^ . . ,. , a 

[0064] The compositions of the catalytic converters according4o Exairrjples 1-21 and Comparative Examples 1-.16, 

is which have been described hereinabove, are summarized in Table 1. 



Table 1 



20 




Upstream Catalyst 


•■■> '■• Downstream Catalyst ; j v 


. Vpl. : Ratio pf . 
Upstream Catalyst . , 
to Down-stream 
.. . CataJi/st ;. ... 








1st Layer 


2nd Layer 


3rd Layer 






EX. 1 • . r. 


150g/LH-type 
p-zeolite 


1 £ 0wt% Pt/A! 2 0 3 , 
(0.1 mol Ca, 
0 15mol Ba & 
0.1 mol La) 


55g/L;Al20 3 


; 3 9wt% Cu & . 
0.8wt% Co/MFI : 
ZGolite {SiOj>/ 
Al 2 0 3 .35), 
300g/L 


.1 :3 , 


30 


Ex;.' ,2' ' [ 


' 150g/LNH 4 -type 
Y-type zeolite 
(SiO2/AI 2 O 3 :30) 


1.0wt%Pt/AI 2 O 3 , ! 
(0.1 mol Ca, 
0.15mol Ba & 
0.1 mot La) 


5Sg/L Al 2 0 3 


3.9wt% Cu & 
0.8wl% G6/NH 4 
-type p-zeolite 
(SiOjj/AlgOa: 
42), 300g/L 


1:3 


35 


Ex.3 


150g/LH-typeps 
zeolite • .- .=.„ 
(SiOa/Al^^S) 


1.0wt%Pt/AfeO 3 , 
40.1 mol Ca, , 
0.15mol Ba & 
0.1 mol La) 


55g/LAI £ Q 3 


3.9wt% Cu & . 
0,8wt% Co/MFI ,' 
zeolite (Siby '] 
Al 2 0 3 :35), 300g/L 


,1:3 . 


40 


Ex. 4 


150g/L H-type p- 
zeolite 

' (SKD2/AI 2 C)3:25) 


1.2wt% Pt & 
0.2wt%Rh/Al2O 3 , 
(O.lmoICa, ' ••" 
O.T5m6l8a& 
0.1 mol La) 


55g/L Al 2 0 3 


3.9wt% Cu & 
0.8wt%4 Co/MFI 
zeolite (SiOa/ " ' 
' Al20 3 :35), 3OO9/L 


1:3 


45 


Ex. 5 


150g/L H-type p- 
zeolite 

t (Sip2/Al2Q 3 :25) . 


1 .0wt% Pt/Al 2 0 3 , 
(0.01 mol Mg, 
0,1mol Ba & 
.0.01 mol K) '.. 


55g/L Al20 3 


3.9wt%Cu& 
0.8wt% Co/MFI J 
zeolite {SKV 
Al 2 0 3 :35), 3p0g/L 


- • 1 . :3 r - ■ 


SO 


Ex.6 


150g/L H-type p- 
zeolite 

(SiOa/AiPg^S) 


1.0wt%Pt/AI 2 O3, 
(0.2mol Ba, 
0.05mol Sr, 0.04 
mol Cs & 0.29mol 

Ce) ■ 


55g/L AI 2 O a 


3.9wt% Cu &. 
0.8wt% Co/MFI 
zeolite (SiOgA. . 
Al 2 0 3 :35), 300g/L 


\ :■ ■• t:3 . • ■ 4 
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Upstream Catalyst 


Dovtnstream Catalyst j • , 


Vot. Ratio of 
Upstream Catalyst 
to Down-stream 
Catalyst 








1st Layer '■' 


; 2nd Layer 


" ' 3rdi Layer 
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Ex. 7 


150g/L H-typo p- 
zeolite j 

(Si02/AI^Q 3 :25) T 


' 1 .0wt% Pt/AI 2 0 3 , 
(0:imofCa, 
d:i5mdl Ba & 
0.1 mol La) 


55g/L'AI 2 0 3 


3.9wt%'Cu & - 1 ' 
0.8wt%' Co/MFI 
zeolite (SiCy . ->. 
Al 2 0' 3 :2;4), 300g/L 


• 1:3 


15 


Ex. 8 


1 5og/L i4i-type-p- 
zeolite ' ," f V 
(Si02/Al20 3 :25) . ; 


" 1 0wt% Pt/Al 2 0 3 ;- 
(b.irfio(Ca,r 
O.'f 5rncjl Ba & 
6: J'mol La) 


55g/L Al 2 0 3 

I 


3.9wt%'Cu&- 
A 0.8wt%SCo/MFI 
-zeolite (SiO^ 
;Al 2 b 3 :7i6), 300gA\ 


.1:3 


20 


Ex. 9 


150g/L H-type p--; 
zeolite i * , 


1 0wt% , -F1/AI 2 O 3 ,— 
uS> &)mci Ca, 
Ojitiidl Ba & 
O.'l rnol La) 


55g/L A^C^ 


3.9wt%'Cu& — 
08wf%.C(yWFI 
zeolite (SiOg/ - ; 
Al 2 0 3 :35), 300g/L 


1:3.. 


2£ 


Ex. "TO :;. 


1 50g/L H-type 
MR -zeolite : 
(Si02/AlLo 3 :36) , ... 


; t.0wrt%'Pt/AI 2 O 3 ; 
(O.lmoicW- ' : 
0 ' 1 5mol Ba & 
Oilrnbl La) 


55g/L Al 2 0 3 


3.9wt% Cu & 
0.8wt% Cb/MFF 
"zGolit© (SiOg/ 
Al 2 0 3 :35), 300g/L 


_1.;3 


30 
35 


Ex. 11 


150g/L H-type 
* Mordenite 7 
(Si02/AI 2 0 3 :15) 


I.OWc, Pt/AI 2 0 3 , 
(O.-tmol Ca, 
0.15mol Ba & ,v 
0.1*mol:La) 


55g/L Al 2 0 3 


3.9wt% : Cu & 
0.8wt% Co/MFI 
zeolite (SiCy 
■ Al 2 0 3 .35), 300g/L 


;1:3 


Ex. 12 


150g/L [H-type p- 
"zeolite" 

(SiO^AlgO^S); 
H-type MFI-zeo'lite 
(SiO2/A( 2 O 3 :700) J 

=1:1] : 


1:Qwt% Pt/Al 2 0 3 , 
(O.lmoICa, 
0.15molBa& 
0.1 mol La) 


55g/L Al 2 0 3 


i ,3.9wt%'Cu& 
l '0.8wt%-Co/MFI 
zeolite (SiOy 
Al 2 0 3 :35), 300g/L 


1:3 


45 


Ex. 13 


1"50g/L [H-type p- ■ 
zeolite 

(Si02/Ai20 3 :25): 
H-type MFI -zeolite 
(SiO2/A! 2 O 3 :700) : 
H-type ' . _ 
Y-type zeolite =2. 
1:1) ' :: • 


1.0wt%Pt/AI 2 O 3 , 
(0.1 mo) Ca,' 
0,15mol Ba& 
b.1mbl ! La) 


55g/L AlgOa 

i ' ; 


3.9wt% Cu & - - 
0.8wt% Co/MFL' 
zeolite (SiCy 
Al20 3 :35), 300g/L 


1:3 


Ex. 14 


40g/L H-type^-- 
zeolite > 
(Si02/Aj 2 0 3 :25) 


'l!0vvt%R/AI 2 O 3 , 
'^Tmc'l Ca, 
O..15mol Ba& 
0.1 mol La) . 


53g/L Al 2 0 3 


3.9wt%Cu& : 
0.8wt% Co/MFI 
zeolite (SiCy 
Al20 3 :35), 300g/L 


1:3 


SO 


Ex. 15 


300g/L H-type (T- 
zeolite I r . ' ; ; J "_ . 
(Si02/Al2d 3 :25) ' 


'l ,0wt% Pt/AI 2 O a , 
"(Q. iVnql Ca, 
0.15mol Ba& 
.0,1 mol La) 


55g/L Al 2 0 3 


3.9wt% Cu & 
' 0.8wt% Co/MFI 
zeoliteifSiOy 
Al 2 0 3 :35), 300g/L 


;.1:3 


S5 


Ex. 16 


150g/L H-type p- 
zeolite 

(Si02/AI 2 0 3 :25) 


1 .Owt% Pt/Al 2 0 3 , 
(0.1 mol Ca, 
0.15mol Ba& 
0.1 mol La) 


55g/L Al20 8 


3.9wt% Cu & 
0.8wt% Co/MFI 
zeolite (SiCy 
Al 2 0 3 :35), 300g/L 


1:1 
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Table 1, ; .(cpntinueg;) 







Upstreajn Catalyst 


bownst^eam Catalyst 


~ ' Vol. Ratio of 
Upstream Catalyst 
to Down-stream 
Catalyst 








1st Layer,: , , 


~ 2nd 'Lay%r. . 


' 3ra" Layer 




10 


Ex. 17 


150p/L H-type ?-, : 
(SKVAIaPaSS)-.... 


,, r 1.0wt%Pt/Al2O3, 
(0.1rno| Ca, 
0.15mol Ba& 
0.1 mol ta) 


>5g/L Ai;,0 3 

I I 


'3,0wt%.cu& ; 

0 8wt% Co/MFI 
Zeolite (SiO^.. .. 
;'AI 2 0 3 :35), 30bg/ 

L— - r - ■- - 


: " 1:5 


IS 




1 50g/L [5wt%Cu/;. 
H-type p-zeolite \ 
(Si02/A) 2 0 3 :25)] 


1,0wt;% Pt/Af 2 0 3 , 
(0. Imol Ca, 
0.15mql Ba & 
O.lmollLa) - - 


55g/L' Ar 2 Q 3 - 


^.s^icu^- " ! 

, t .U.oVvl/o LrO/fVirl 

! zeolite (Sid/' 
' Al20 3 :35), 300g/U 


1:3 


20 


Ex. 19 \ 


150g/Ll5wt%*FeA 
H-type p-zeolite , r 
(Si02/A!2p 3 :25)] ,"■ 


1.0wt%Pt/AI 2 O 3 , 
(O.lmoJ Ca, 
0.15mbl Ba & 
0.1mol,La) ; 


55g/L Ai 2 0 3 . 


;',i9v|</o!cu&" i 

p.!3wt%j Co/Mpj , 
" zeolite [S\oj' 
- Al2d 3 :35), 300gA. 


« 1:3 


25 


Ex. 20 


150g/L[5wt%Mn/ 
H-type p-zeolite • 
(SiCVAI 2 03-.25)l 


1 v 0wt% Pt/AlaOg. 
(0.1 mol Ca, 
Q.15mol Ba & 
O.lmoliLa) •■; 


55g/L AlaOa . 


3.9wt%; Cu & 
0.8wt%: Co/MFI ^ 
zeolite (SiOg/ 
Al 2 0 3 ;35), 3000/ 
L 


1:3 

i 


30 


Ex. 21 


150g/L ;5wt%-Co/ 
H-type p-zeolite, 
(SiOg/Alp^S)'] . 


1.0wt°/, Pt/A^Oa, 
(0.1 mo\ Ca, 
G.15m6l Ba &- 
0.1 mol, La) 1 ' 


55o/LAI 2 0 3 , 


, ( 3.9wt%- Cu &. 
',0.8wt% Co/MFI 

zeolite (SiOjj/ 

Al2b 3 :35), 300g/L 




35 


Com. Ex. 1 


None : ■ . . ;• 


.1.0wt%Pt/Al2O 3 , 
((fclrnol Ca, 
b.15mol Ba& 
0.1 mol La) 


55g/L AlaOa 


3.9!Wt% Cu & 
. 0.8u<t% Cp/MFl 
zeolite (SiO^ 
2 3 '^^/» "^"9' 

-L 


1:3 




Com. Ex. 2 


ISOg/LH-type/p- 
zeolite . 

(SiO^AI^s^S) 


1.0vrt%Pt/Al>O 3 , 
(0.03molMg, 
0.04mol Ba & 
O.OlmoS K) 


55g/LA^O a 


3.9wt<yj Cu & ' 
p!8wt% Co/MFI 
..zeoiite \ 
' (Sib2/Al20 3 :35),, 
300g/L 


1:3 


45 


Com. Ex. 3 


150p/L H-type p- 
zeolite 

(SSOa/Alaba^B): \ 


1 .0wt% Pt/AI 2 0 3 , 
(0.3m6l Ba, 
0.02mol Sr, 0.3 , 
mol Cs'& 0.01 mol 
Ce), 


55g/L MzO s 

' | •.")r.#' l \ . 


3.9wt% Cu & - 
0.8wt% Co/MFI 
zeolite '^SiO/ ~ , 
. Al2p 3 :35), 300g/L 


1:3 

• ■. - i ' ■ . 


SO 


Com. Ex. 4 


150g/LH;typep-_ 
zeolite , ... 
(SiOg/AljPa^); 


>1.0wt% Pt/Al20 3 , 
(O.imbl Ca> 
, 0.15mol Ba& 
.0.1 iriol La) 


55g/L AlaOg' J 


a9wt%Cu£ 
;o,8wt% Co/MFI . . 
.^olite;(Si6V ' 

,fl2C%:;35) 300g/ 

L\ , X "' " - 


.1:3 



30OCID: <EP_tS3S0SSA2_l_> 



13 



EP 0 935 055 A2 



Tabte'jj n (continued) _; 



s 




Upstream Catalyst 


' ' Downstream Catalyst . J ' v • 


Vol. rtetioof 
Upstream Catalyst 
to Down-stream 
Catalyst 








1st Layer ' J: 


2nd Layer 


3rd' Layer 




10 


C6m. Ex. 5 


150g/LM-type|J- , 
zeolite 

(Si02/Al20 3 :25)\.' 


1.0yvt%;Pt/AI 2 6 3 , 
(OltmoiCa, 
o/l5moi Ba & 
o'lfmb) lia) 


55g/L Al 2 0 3 


3. 9wt%iCu & •'•<-' ' 
0.8wt% Co/MFI 
zeolite (SiCy - 
Al 2 0 3 ;35), 300g/ 

. L I 


-. . -i< 13 


15 


C6m. Ex. 6 

j 

i • 


20g/L H : type 
zeolite ; 
(SjO^AI^0 3 :25)'" 


' V.byrt%;pt/A^)3; - : 

(ollrrioliCa, 
to.'fSmo! Ba & 

. { 


550/L Ai 2 o 3 r ; 

j . ; 7 


3.9wt%lCu & -■' 
0.8wt%;Co/MFI 
zeolite (SiCy " : 
Al 2 0 3 35) 300g/ 

L _ 


- 1:3 


20 


Com. Ex.7 

i 


350g/L H-type>7 
zeolite [ ';" 


"(b.MbljCa, 
0.15moi Ba& 

U. lnflOl l_a j 


: 55g/L Al;>0 3 " 


•3:9wt%'Cu & 
0.8wt% Co/MFI 
zeolite (SiCy 
Aj 2 0 3 35) 300g/ 

I- ... i 


1 .V" 1:3 v 


25 


Com. Ex. 8 


150g/L H-type P- 
zeolite 

(SiOg/AlaO^IO) 


1.0wt%Pt/AI 2 O 3 , 
(0.1 mol Ca, 
,0.15mpl.Ba& 
0 1mol La) 


55g/L Al 2 0 3 


3.9wt% Cu & 
0.8wt% Co/MFI 
zeolite (SiCy , 
Al 2 0 3 •35) ) 3060/ ' 
: L , 


.1:3 . 


30 


Com Ex. 9 


1 150gVLH-type p- 
zeolite ->. ■ ■ iA 
(SiO2/Af 2 O 3 :200) , 


1.0wt%Pt/AI 2 O 3 , 
(0,1molCa, 
0.15molBa& 
0.1 mol La) 


55g/L Al 2 0 3 


;3.9wt%Cu& ( 
-O.BwT/o Co/MFI 
zeolite (SiCy 
AUO-, 35^ 300a/ 

L ■ . 


1:3 


35 
40 


Com. Ex. 10 ' 


150g/LNH4-type 
Y-type zeolite 
(SiOa/AlgOail .5) 


• ; 1.t)Wt%Pt/AI 2 0 3 , 
(CTlmol Ca, 
0.15mol Ba &' ; 
0.1 mol La) 


55g/L Al 2 O s 


3.9wt%Cu& ' " 
0.8wt% Co/MFi - 
zeolite (SiCy 
Al 2 0 3 :35), 300g/ 
L 


1:3 


45 


Com. Ex. 11 


150g/L H-type MFI 

,.zeplite : 

.(Si0 2 /AI 2 O3.:10y i 


1.0wt%Pt/AI 2 O 3l 
(0.1 mol pa, 
0.15mol Ba & 
O.lmqtLa) , - . 


55g/L Al 2 0 3 


3.9wt% Cu & 
,0.8wt% -Co/MFI 
zeolite (SiCy 
Al 2 0 3 . 35)^30007 
L 


1:3 


SO 


Com. Ex. 12 


150g/L H-type 

Mordenite 

(Si02/Al20 3 :7) 


1,0wt% Pt/Al 2 0 3 , 
(O.lmoliCa,: r . ^ 
0.15m6l3a& - 
0.1 mol La) ~ . 


.:55g/LAI 2 0 3 


3.9wt% Cg & 
0.8wt% Co/MFI 
zeolite (SiCy 
Al 2 0 3 :35), 300g/ 

L - , 


1:3 


ss 


Com. Ex. 13 


150g/L H-type p- 
zeolite 

(SOa/AlapaSS) 


-1.0wt-%Pt/AI 2 O 3 ,- 
(0.1 mol Ca> 
O.i5mol Ba& 
0.1 mol La) 


55g/LAI 2 03 


-3.9wt% Cu.,& 
0<8wt% Co/MFI 
zeolite (SiCy 
Al 2 0 3 :35), SOOg/ 
L 


2:1 
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Table 1 (continued), 





Upstream Catalyst 


tj Dbwhgtfe'am Catalyst 


Vol. Ratio of 
Upstream Catalyst 
to Down-stream 
Catalyst 




2nd layer 


3rd; Layer 


Com. Ex. 14 


" ~150g/L H-type p : .,; 
zeolite ' , ^ 
(SiOg/AljOg^S) •'■ . 


" i:ov4% R/AI2O3, 

{O.lmol Ca, 
0.15mol Ba & 
■ 0.1 mol La) 


55g/ll A! 2 (5 8 ' 


3.9wf% Cu & 
0,8vyt%;Co/MFI 
zeolite {SaO-J , 
AI2O3 :35), 300g/ 
L ' 


1:7 

i 


Com. Ex. 15 


150g/L H-type 
zeolite ; ,« v> - 
(SiOa/AljOg^S) 


a.0wt% R/AI2Q3, . 
(Cj.l/riol'Ca,' 
O.'l 5moi Ba & 
0, 1 I mol La) 


.^g/L Ai2p^ ; ; 


,3.9wt%Cii"&' . 
^p."8wt%;Co/MFf 
..zeqlite (SiCy .. 

L ' I 




Com. Ex." 16 


'l5dg/LH-type Pv - 
zeolite , . . 


,17^%'R/A.I 2 03, 
(O.limoICa, 
G.15rrioi 5a & 
0.1 mol La) 


$5a/L Ai 2 -q 3 ;; 

' 0 


3."9w£%;cu & ; 

. zeolite (SiOg/, 
,AI ? 6 3 :82), 300g/ 

L * ; 





FIRST CATALYTIC ACTIVITY EVALUATION TEST j . , . ,7 ' 

[0065] Each of the catalytic converters according to Examples 1 -21 and Comparative Examples 1 -1 6 was subjected 
to the following first catalytic-activity evaluation test. 

[0066] In this test, each catalytic converter was arranged-in the exhaust passage of an engine dynamometer having 
a 4-cylindered 2.5 liter diesel engine installed therein. Then, the engine was driven such that the exhaust gas of 830°G: 
was allowed to pass through sach^catalytic converter for 30 hr. Then, the NOx concentration of the exhaust gas was 
measured at the inlet and the outlet of each catalytic converter at the same time with a' NOx monitor while the tem- 
perature of the inlet of each catalytitfconverter Was increased from 1 00°C to 500°C at a rate of about 30°C per minute. 
During this measurement,' the average molar ratio of hydrocarbons to NOx of the exhaust gas was adjusted to about 
2.8 by injecting a light oil from a nazzie arranged between the exhaust manifold and the up f strearh catalyst, and the 7 
gas space velocity in relation to the downstream catalytic converter was adjusted to 45,000,Jr 1 . The |MOx conversion 
of each catalytic converter was determined.by the following expression: 

_ NOx Conversion ^o) = t(a ; b)/aLX 100 



where "a" is the NOx concentration at the inlet of the catalytic convertern(i.e., the inlet of the upstream catalyst), and 
"b* is the NOx concentration at the outlet of the catalytic converter (i.e., the outlet. of the downstream catalyst). The 
results of the determination of the average NOx conversion are shown in Table 2. 





' Average NOx 
Conversion' (%)- 


Example 1 


26.ff ' : '' 


Example 2 . 


- 27.8- - ■- : 


Example 3 


' " 25,3: 


Example 4 


26.8 1 ' 


Example 5 


262 


Example 6 


25.9 
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Table 2 (continued) 





. , ... Average NOx 
\ , Conversion (%) . . 


- Example 7 ■ 


. - 27 6 


Example B 


25.B 


Example - 9 ;. ■ ! 


■ i ■ ■■> :. 25 3 ■ 


Example 1 0 


'24.3- " 


Example 11 .(■-■; 


.. , ~.r, ,23-8 ■ - 


Example 12^ 


27 7 


Exampls-1 3 • 


. , y 27 6 r 


' Example* 14 r "' 


21 6 i 1 


Example 15 


24 3 


' ' Example -16 4 


■■ ■■ 2* 3 ' 


Example 17 


25 9 


ExarrfpleiS 


32 1 ' 


Example 19 


30 3 


Example 20 


31 4 




33 2 


Com Ex 1 


13 3 


Com Ex 2 ' 


'17 6 


Com Ex 3 


16 9 


Com Ex 4 


r. -10^1 . " . • , . 


Com Ex 5 


16 0 


Com Ex 6 


: i 13 5 • i- 


Com Ex 7 


15 0 


Com Ex S 


16 2 


Com Ex 9 


170 


Com. Ex. 10 


10.8 


Com. Ex. 11 


13.6 


Com. Ex. 12 


"" 12.4 ;' \ 


Com. Ex. 13 


9.7 


Com. Ex. 14 


14.2 


Com. Ex. 15 


8.2 


Com. Ex. 16 


13.4 



[0OS7] \The following nonlimitatiye Examples 22 : 26 are illustrative, e^ttie second preferred embodiment of^e present 
invention. .- *>. . <-, ■ j ■ ■ ■ .- : -. . : .••.-> o . - h •.-.',■?«'...•:< ... .. 

EXAMPLE22 '■ -i, " - , ,' \', ... ,, . " ■ ' ■ \" - • 'i aV ' ■ *tU ~ 

(1) Preparation of Upstream Catalyst 

[0068] A boehmite having a specific surface area of about 280 mS/g was added to a copper phosphate aqueous 
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solution basified with ammonia. After that, the resultant mixture was stirred w II, then dried at 120°C lor a period of 
time of at least 24 hr, and then baked at SOCCfor 2tir, thereby to obtain a copp r-phosphat -carried alumina powd r. 
Then, 1 part by weight of this alumina powder wasVnixed with 1 part by weight of an H-type MR zeolite powder having 
a molar ratio of silica to alumina of about 1 00. Then, the obtained mixture was mixed with an alumina sol and water in 
a magnetic ball mill pot, and it was driven for about 30 min for mixing and grinding, thereby to obtain a slurry. The 
amount of the alumina sol on an oxide basis (Alp 3 ) was TO wt%,;based on the total weight of the alumina powder and 
the H-type MR zeolite. Then, this slurry was applied to a cordiecite mjcfiolithjp (honeycomb) substrate having a volume 
of 0.8 liter and about 600 flow paths {cells) per 1 inch 2 of section. Then, the coated substrate was dried by hot air at 
1 50°C and then baked at 500°C for 1 hr, thereby toifarm about '120 g of a first catalytic l,iyer on the substrate, per liter 
of the substrate. _ . J. .. 

[0069] Separately, a 0.2-M copper nitrate aqueous solution was adjusted^ have a pH of 9.5 by adding an aqueous 
ammonia thereto. Into this solution art NH 4 -type MR zeolite powHer having a. rriolar rati"o of Si0 2 to Al 2 0 3 of about 45 
was added. The obtained mixture was stirred well, and then a sc!lid phase'ot the mixture was separated from a liquid 
phase thereof by filtration. This stirring and the subsequent separation Were repeated three times, thereby to obtain a 
MFI zeolite cake having Cu loaded thereon by iorr, exchange. The;n, Vhis^cake wa^dhed .it 120°C in a drier for a period 
of time of not less than 24 hr and then baked in an electric furnace al-503''G for 4 ht under the ambient condition, 
thereby to obtain a MFI zeolite powder, having 3,6 wt% of Cu supported thereon^/he obtained MFI zeolite powder was 
mixed with an alumina sol and water in a magnetic ball mill pot, and then jt : was driven for 20 min for mixing and grinding, 
thereby to obtain a slurry. The amount of this alumina soi on an ;oxide basis' tA^O a ) was 10 wt%, based on the total 
weight of the MFI zeolite powder. The slurry was.applied to the coatediOrJsirafe having the first catalytic layer, and 
t. .sr. t. ,e coated substrata was dried at 1 50° C by hoi air and then taktsd i;l5GGf.C for 1 hr, jhereby io obtain an upstream 
catalyst having about 1 00 g of a second catalytic layer formed on the first catal^ic layer, per liter of the substrate. 

(2) Preparation of Downstream Catalyst ^ ! ' . . . 

[0070] A boehmite having a specific-surface area of about 260 rr^/g-was added to a lanthanum nitrate aqueous 
solution such that the molar ratio of lanthanum to aluminum of the resultant rhixture was 3:97. This mixture was stirred 
well, then dried at 120°C for a period of time of at least 24 hr, and then baked at 500°C for 4 hr, thereby to obtain an 
alumina powder having lanthanum loaded thereon. This alumina powder was added to a dinitrodiammineplatinum 
aqueous solution containing about 4 wt% of Pt. The resultant mixture was stirred well, then dried at 120°C for a period 
of time of at least 24 hr, and then bated at 650°C for 4 hr, thereby to obtain an alumina powder having lanthanum and 
2wt% of Pt, which are loaded thereon. Then, this alumina powder was mixed with water and an alumina sol acidified 
with nitric acid in a magnetic ball mill pot, and it was driven for 3Q min for grinding, thereby to obtain a slurry. The 
amount of this alumina sol was 2 wt%, based on the total weight of the La^and-Pt-carried alumina powder. The slurry 
was applied to a cordierite monolithic'(honeycomb) substrate having a volume of 1.2 liter and about 400 flow paths 
(cells) per 1 inch 2 of section. Then, the coated substrate was dried by hot air at 150"C and then baked at 500°C for 1 
hr, thereby to obtain an downstream catalyst having about 160 g of the catalytic coating formed on the substrate, per 
liter of the substrate. " , 

(3) Preparation of Catalytic Converter 

[0071] A catalytic converter, having a total catalyst volume oi-2.0 liter, was prepared by connecting the upstream 
and downstream catalysts together inrline. 

EXAMPLE 23 , - v 

(1) Preparation of Upstream Catalyst • A . 

[0072] An upstream catalyst was prepared in the same manner as that oi .ExampleJ22 except in that the copper 
phosphate was replaced with zinc phosphate, that the H-type MFI zeolite having a molar ratio of SiCfe to Al 2 0 3 of about 
100 was replaced with a mixture of 2 parts by Weight of an H-type mbrdenite : having a molar ratio ©f SiC^ taAI 2 0 3 ! ot 1 
about 40 and 1 part by weight of a Y-type zeolite having a molar ratio of SiCfc, to Al 2 0 3 of about 40, and that the copper 
nitrate aqueous solution was replaced with an aqueous solution containing silvernitrate and cobalt nitrate. This aqueous 
solution was the same as that of the copper nitrate aqueous solution in concentration. The obtained MFI zeolit con- 
tained 3.2 wt% of Ag and 0.3 wt% of Co, which were load d th r on. 
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(2) Preparation of Downstr am Catalyst 

[0073] A downstream catalyst was prepared in the same manner as that of Example 22 except in that the lanthanum 
was replaced with a mixture of 0.5 parts by mol of calcium, 2 parts by mol of sodium and 1 part by mol of cerium, and 
5 that the boehmite was replaced with a titaniurh-silica mixture having a specific surface area of about BOwfyg. 

(3) Preparation of Catalytic Converter ' ' 

[0074] A catalytic converter" was prepared in the 1 same manner as that of Example 22v' v ■ :;' 1 
EXAMPLE 24 .. Z ',' .'[' ^. '- r ' ' '■'■■■■■■<■■■ -=v .'^ : , ,rr.-^ . 

(1) Preparation of Upstream Catalyst 

is [0075] An upstream catalyst was prepared in the same manner as that of -Example i 22 -except in that the copper 
phosphate was replaced with a mixture of 4 parts by weight of nickel phosphate, 1 part by weight of tin phosphate and 
1 part by weight of rhoVbtlerium phosphate; ttiat : t>ie H-type^MFI zeolite powder having a m'blarratio of SiOg to Al 2 0 3 
of about 100 was replaced with an H-type p-zeolite powder having a molar ratio of Si0 2 to Al 2 0 3 of about 150, and 
that the copper nitrate aqueous solution was replaced with an aqueous solution contaihingcobalt nitrate, indium nitrate 

20 and iridium nitrate. "This aqueous solution was the same as that of the copper nitrate aqueous solution in concentration . 
The'~oljfSih'ecl tof¥zeoike corftalhed"'2^b wt^' of cobalt, 0:S'wt% of indiumarid 0.8 wt% of iridiums whitfvwere 'loaded 
thereon. . *. .- 

(2) Preparation of Downstream Catalyst .v- . 

[0076] ); A downstream catalyst was prepared in the same manner as that of Example 22 except in that the lahthaniim 
was replaced with a mixture of 6?1 parts by mol of potassium, 0.'£partVby mol of barium and 3 parts by mol of lanthanum, 
and that the boehmite was replaced with an alumina-zirconia-magnesia mixture having a specific surface area of about 
240 m 2 /g. In fact, this mixture contained 95 parts by mol of A1 , 3 parts by mol of Zr and 2 parts by' moi of Mg. 

30 

(3) Preparation of Catalytic 'Converter" ° r : ,; 3 - a 
[0077] A catalytic converter was prepared in the same manner as that of Example 22. ' 

35 EXAMPLE 25 

(1) Preparation of Upstream, Catalyst ''■ : - v : 

[0078] An upstream catalyst was prepared Wthe same manner as that of Example 22 except in that the copper 
40 phosphate was replaced with a mixture of 3 parts by weight of tungsten phosphate; -1 part by weight of manganese 
phosphate and 1 part by weight of cobalt phosphate, and that the copper nitrate aqueous solution was replaced with 
an aqueous solution containing iridium nitrate and modium nitrite. This aqueous solution was the same as that of the. 
copper nitrate ■aqueous solutiorvin concentration. The obtained MFI zeolite contained 0.5 wt% of iridiumjand 0.8 wt% 
of rhodium,, which were loaded thereon. . ' . . " , " ~ ~< ",- ."> 

« \ ! ' " i ■ wC\ 1 . > ' "' " . 

(2) jPreparation of Downstream Catalyst • - - " ' ■ ■ 

[0079] 'A downstream catalyst was prepared in the same manner as that of Example 22 except in that the lanthanum 
was replaced with a mixture cjf 0.1 parts by mol of cesium, 0.1 parts; by moi 'of lithium an&B parts by mol of lanthanum, 
so and that the boehmrte was replaced with an aiuminarzjrconia mixture having a specific surface acea of about 270 mr 2 / 
g. Ih fact/) this mixture, contained 97 parts Ipy mol of- A1 and 3 parts by mol of Zr. - . ; ; 

(3) Preparation of Catalytic Converter " -...r.-:"« c t ' j 

55 [0080] A catalytic converter was prepared in the same manner as that of Example 22. -■' 
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EXAMPLE 26 j . . 

(1) Preparation^ of. Upstream Catalyst , • t : -.. r .-, 

[0081] A zeolite powderrnixture was prepared by mixing 3 pa/ts.,by wejgtjt ofan H^ype MFI polite powder having 
a molar ratio of silica to alumina of about 80 with 5 parts by weight of an H-type (i-zeolite havinga molar ratio of silica 
to alumina of about 50. The zeolite powder mixture was mixed with an alumina sol and water in a magnetic ball mill 
pot, and it was driven for about 60 min for mixing and grinding, thereby to obtain a slurry. The amount of the alumina 
sol on an oxide basis (AJ20 3 ) was. 10 wt%, based on thatotal, weighj oj the zeplitappwder mixture. Then, this slurry 
was applied to a cordierite monolithic (honeycomb) substrate having a volume of 0.8 liter and about 600 flow paths 
(cells) per 1 inch 2 of section. Then, the coated substrate was dried by hot air at 150°C and then baked at 500°C for.1. 
hr, thereby to obtain an upstream catalyst having about 180 g of a catalytic layer on the substrate, per liter of the 
substrate. . , , _ . . < . 

(2) Preparation of Downstream Catajyst-. --.-j ,- , :Vi ., Ce , . 

[0082] A downstream catalyst /laving a yolurjje of ',1,2 liter.was prepared in the same manner #^|ia.t of Exambie ,22. 

(3) Preparation of Catalytic Converter. . :. ^ , ; , : .. a - • , • ;l ... , ../.'Vl'.!' ~ ~ ' , 

{0083] Then, a catalytic ccriverte?, hsving aUA^tCBS^^i^n^m^^MjSliB^ was prepare^jby connecting the.upstrenm 
and downstream catalysts together in-line. .... ..J, 

COMPARATIVE EXAMPLE 17 

[0084] - A catalytic converter was prepared in the same, manner as that of Example 22 except in that the volume of 
the upstreamcatalyst was 2.0 liter in place of 0.8 liter and^hat the downstream catalyst ; was omitted.'. / . ' 

COMPARATIVE EXAMPLE 18 I .r\ ' ' ", r \/ 

[0085] A catalytic converter was prepared in the same manner as that of Example 22 except in that the volume of 
the downstream catalyst was 2.0 liter in place of 1 .2 liter and that the upstream catalyst was omitted. 

COMPARATIVE EXAMPLE 19 

[0086] A catalytic converter was prepared in the same manner as that of Example 22 except in that the relative 
positions of the upstream and downstream catalysts were reversed. In other words, a catalytic converter, was prepared 
by arranging the downstream catalyst of Example 22 upstream of the upstream catalyst of Example 22. 
[0087] The. compositions.of the catalytic converters according to Examples 22-26 and Comparative Examples ,17- 19, . 
which have be^ea described hereinabove, are summarized in^able a. . . . ^ . \ . ... 



. - Table 3. 





Upstream Catalyst • •, : -• ; 


Downstream Catalyst 


Vol. (liter) 


1st Layer 
Composition 


2nd Layer 
Composition 


Vol. tlrterV 


Composition - 


Ex. 22 


0.8 


I20g/L (Copper 
, Priqsph,ate/Al203 & . 
, httype.MFI Zeolite) 


100g/L(3.6wt%Cu/ 
MFI Zeolite) . ... 


1.2 


l60g/L[2wt%Pt/(La& 
AI2Q3 (3:97 by mol))] . 


Ex. 23 ' : ' 1 


'0.8 


120gyLfZinr| 
Phosphate/ A1 2 0 3 £• • 
H-Mordenrte.H-Y- 
type Zeolite = 2:1 by 
wt.) 


' 100g/L[(3.2wt% Ag& ■ 
0.3wtVo Cb^MR' " 
Zeolite] 


5 •' -1.-2^ >■■■■ 


^16Qg/L{2wt%Pf7 ■ 
(0 5mol Ca, 2mol Na, 
ImolCe, Ti0 2 &Si0 2 )] 
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Tabl 3 (continued) 







t . Upstream Catalyst .7 -7 ;"7 . , ." . ' " „. ( 


l " ;Downstream Catalyst 


5 




Vol. (liter) 


1st Layer 
Composition - 


2nd Layer 
- Composition * 


• Vol: (liter).. 


Composition 


10 


Ex. 24 


0.6- 

i' 


120g/L [(Nickel - 
Phosphate, Tin 
Phosphate & 
Molybdenum- -- 
Phosphate (4: 1 : 1 by 
wt.j)/AI 2 03 .&.H-type 
p-Zeolite]- 


- 100g/L{(2.0wt%Co, 
0.5wt%ln&0.8wt%lr) 
"/MFI Zeolite] ' . . >. 

i • 
I 


1.2; 

1 '''' 

■ ■ - 1 '; 


'I60g/L[2wt% Pt/(K, Ba 
&La(0:i:p.2:3bymol) 
& ATgO^ Zr0 2 & MgO 
(95:3.2by mol))] 

. 1 1 


20 


EX. 25 

Z'm,. 


0.8 • 

7'-. 


120g/L [(Tungsten 
Phosphate, . :~. 
Manganese 
Phosphate & XSobalt 
PriospHate (311:1 iby 
wt.))/A^0 3 & H-type ;: 
'MFfZeditef - "'■ 


100g/L[(0:5wt% ir & 

.a8wt% RhyMFi .11; 

Zeolite] 


• - 12 


160g/L-[2wt%Pt/(Cs, Li 
& L$ . (0.1:0. 1:3 by mol) 
& AI 2 O a & Zr0 2 (97:3 
oy monjj' 




Ex. 26 , . 


. 0.8 , ., 


H -type. MFI Zeolite &, H-type p>zeolite (3:5 by. 
jWtj, I80g/L " . J \ ,4 Z 


1:2 


, 1 6Qg/L [2wt% Pt/(La ; & 
AI 2 0 3 (3.97bymol))] • 


25 


Com. EX: 17: 


" 2:0 • - ' 


120g/LiCopper ■ ? ^ 
Phosphate/AI 2 0 3 & ' - 
H-type MFI Zeolite) - 


100g/L (3.6wt% Cu/ -\ 
MFI Zeolite) 








Corn. Ex. 18 








2.0 


160g/L[2wt%Pt/(La& 
Al 2 b 3 (3:97 by Vnol))] ' 


30 
35 


Com. Ex. 19 


; .1.2. ir. 


160g/L [2wt% Pt/(La & Al 2 0 3 (3:9? by mol))] 


. 0.8 . 


1st Layer 120g/L 

(Copper Phosphate/ 
,AI 2 O a &.H-type MFI 

Zeolite) .■. • : 

2nd Layer: 
<100g/L.(3.6wt%Cu7 
• MFI Zeolite) • 



SECOND CATALYTIC'ACTIVITY EVALUATION JEST 1 :r f 1' . ' ' " .'.!'"' 

40 [0088] 'Each of the catalytic converters according to Exkrhples 22-26 and Comparative Examples 17-19 was sub- 
jected to the following second catalytic-activity evaluation test. ' 1 " ; 
[0089] In this test, each catalytic? converter was arranged in the exhaust passage of an engine dynamometer having 
a 4-cylindered 2.5 liter direct -injection diesel engine installed therein. Then, the engine was driven such that the exhaust 
gas of 600°C Was allowed to pass through each catalytic converteV'for 1 0O'br in order to conduct a pretreatment of the 

45 catalytic converter Then, the NOx concentration bl the exhauStgks was measured at" the inlet ahtftfie outlet of each 
catalytic cortverter With a NOxrnbnitbri while 'the temperature of the inlet of each catalytic converter was maintained 
at 15d*C for 5 mih; then increased tb 450°C by spending about 3 min, 1 and' then Maintained at , 450°C tor's min. In fact, 
the temperature of the inlet of each catalytic Cbhverter wis regulated as above by adjusting the engine ioad. During 
the measurement of the NOx cbricentration, the gas spacW velocity was adjusted to'abontdS.OOO'tr 1 ', and the average 

so molar ratio of hydrocarbons to NOx of the exhaust gas was about 4. In fact, the molar ratio of hydrocarbons to NOx of 
the exhaust gas during the temperature increase to 450°C was about 1 .2. The NOx conversion of each catalytic con- 
verter during the temperature increase was determined in the same manner as in the first catalytic-activity evaluation 
test, and the results are shown in Table 4. Furthermore, the N 2 0 concentration of the exhaust gas was measured with 
an N a O monitor at a position downstream of each catalytic converter.' The results'of the maximufn N 2 0 concentration 

55 ax also shown in Tabl 4. 
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Table4 '.. 





NOx Conversion (%) 


MaxjriVum_N 2 0 Concentration (ppm) 


Example 22 


45.3 


2.2 


Example 23 


.... . 44 ! 




Example 24 


' 44,2 . ,< . 


. ■ . 2.3, . ;- . 


Example 25 


44.8 


■ ! 17 


Example 26 


40.2 


, .. 1.7 . . . .,. : 


Com. Ex. .1 7 


24.9 


' '1-3 ' . • s 


Com. Ex. 1 8 


'22.6- 


• - ■ 18- - - - - 


Com. Ex. 1 9 


25.5 .. ,.. 


2 0 ; [ . 



[0090] Fig. 4 shows the variation of the percentage of the removal of hydrocarbons.ano; NOx from the exhaust gas 
with the catalyst temperature of the catalytic converter according to Example 26. In. fact, , the solid line of Fjg. 4 shows 
the variation of the percentage of the removal of hydrocarbons from the\exhaust gas !wjUi the temperature ol the up- 
stream catalyst of Example 26,iand the dotted line of Fig. 4 shows that of NOx from the exhaust gas with the temperature 
of the dcwnsiieam caiaiysi oi Example 26. The removal of hydrocarbons and NOxfronrthe exhaust gas means t!ie 
adsorption of these gas components on the upstream and downstream cMtalysts arid' the chemical changes of these ' 
gas components into: other gas components (e.g., H 2 0, C0 2 and N 2 ). As shown by the solid liheof Fig, 4, the removal , 
percentage of hydrocarbons is relatively high, that .is, a relatively targe amount of hydrocarbons is removed ifroirijthe ; 
exhaust gas by adsorption on the upstream catalyst, until the temperature of the upstream catalyst increases to about 
250°C. As the temperature of the upstream catalyst farther increases from about>250°G over about 300°C towards 
about 350°C,."the removalpercentage of hydrocarbons from the exhaust gas decreases sharply. This means that the 
amount of hydrocarbons in the exhaust gas increases sharply due to desorption of hydrocarbons from the upstream 
catalyst. As the temperature of the upstream catalysUarther increases over about .350°C, the removal percentage of 
hydrocarbons from the exhaust gas increases sharply, due to the combustion (decomposition) of hydrocarbons. On 
the other hand, as shown by the dotted line of Fig. 4, the removal percentage of NOx is relatively high due to adsorption 
on the downstream catalyst, until the temperature of the downstream catalyst increases to about 300°C. As the tem- 
perature of the downstream catalyst farther increases over about 300°C, the removal percentage of NOx from the 
exhaust gas decreases. This means that the amount of NOx in the exhaust gas increases due to desorption of NOx 
from the downstream catalyst.' The amount of the NOx desorption becomes maximum when the temperature of the 
downstream catalyst is about 4Q0°C. It is understood from Fig. 4 that the desorption of hydrocarbons from the upstream 
catalyst occurs at a te~mperature lower than the temperature at which the desorption of NOx from the downstream 
catalyst occurs. In other words, as the catalyst temperature of the catalytic, converter increases after the engine -has 
started, the desorption of hydrocarbons from the upstream catalyst occurs prior to the desorption of NOx from the 
downstream, catalyst.. Thus, the desorbed hydrocarbons can be.brpught into contact with the adsorbed NOx. With this, t - 
the desorbed hydrocarbons may react selectively with the NQx, thereby to reduce the NOx into Ng. 
[0091] The entire contents of Japanese Patent Applications P1 0-24515, (filed February 5, 1998) and P1 0-309654 V 
(filed October 30, 1998) are incorporated herein by reference. \ _ . . \ " , ^ 
[0092] Although the invention has been described above by reference to; certain embodiments of the invention^ the 
invention is not limited to the embodiments described above. Modifications and variations of the embodiments de- 
scribed above will occur to those, skilled in the art, in light of the above teachings. For example, a combinati6rv.of the 
upstream and downstream catalysts, can be formed into onerpiece construction by forming catalytic coatings of the. 
upstream and downstream catalysts on upstream and downstream portions of a. single monolithic (honeycomb) sub-, 
strata, respectively, the scope of the .invention is defined with reference to. the fotlowingjclajms. : . 



Claims 




1. A.devic.e|o^,pur > ifyjnQ,ap exhaust gas, comprising-:. . .. 

a NOx-adsorbing-and-reducing catalyst that is capable of adsorbing a NOx and accelerating a reduction of 
said adsorbed NOx into N 2 , within a N0 2 -forming temperature range where a reaction represented by the 
following formula (1 ) proceeds, 
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2NO+0 2 -*2N0 2 (1) 

wherein, within said N0 2 -forming temperature range, the cone ntration of hydrocarbons and/or carbon 
monoxide of the exhaust gas is varied at an inlet of said NOx-adsorbing-and-reducing catalyst, such that said 
adsorbed NOx is selectively reduced by said hydrocarbons and/or carbon monoxide into N 2 . 

2. A device according to claim 1 , wherein said device further comprises a hydrocarbon-adsorbing-and-desorbing 
material that adsorbs hydrocarbons at a first temperature that is lower than T°C that is within said N0 2 -forming 
temperature range and desorbs said hydrocarbons at a second temperature that is not lower than said T°C, and 
wherein said NOx-adsorbing-afid-reducing catalyst adsorbs said NOx within said N0 2 -forming temperature range 
and is capable of accelerating said reduction of said NOx at a third temperature that is not lower than said T"C. 

3. A device according to claim 2, wherein said "pC isj lowef than 300°C-. ; 

4. A device according to claim 2, wherein said hydrc»ckrbon-a(4orbing-and-desorfe material is arranged upstream 
of said NOx-adsorbing-and-reducing catalyst. ] ! • •.; \ 

" ' '" ,, ! , . 

5. A device according to claim" 4V'wlrTe"n3in 'said hydr<bcarbon-adsbrbing-and-desorbing material comprises at least 
one zeolite selected from the group consisting of ly/fFl zeolitp, Y-type zeolite, mordenite, and p-zeolite. 

6. A device according to claim 5, wherein said p-zeol|e has'a molar ratio ©f silica to alumina of from 20 to 1 50, said 
Y-type zeolite has a molar ratio of silica to alumina of from 4 to 50, said MFI zeolite has a molar ratio of silica to 
alumina of from 20 to 1 ,000, and said mordenite has a" molar ratio of silica to alumina of from 9 to 25. 

7. A device according to claim 5, wherein said at least one zeofite of sajd hydrocarbon-adsorbing-and-desorbing 
material is in art amount of 30-300 g per liter of said hyckccaVboh-adsorb'ing-and-desorbing material and supports 
thereon at least one metal selected from the group; consisting &f cbRper, cobalt, iron, manganese, silver, indium, 
iridium, and rhodium. ' ? j , 

8. A device according to claim 2, wherein said hydrocarbori-adsorbing-and-desorbing material further comprises a 
phosphate. 

9. A device according to claim 1 , wherein said NOx-adsorbing-and-reducing catalyst comprises (1 ) a first catalytic 
layer containing at least one first component selected trom the group consisting of platinum, palladium and rhodium 
and at least one sec6nd component selected from the group consisting of alkali metals, alkali earth metals and 
rare earth elements; (2) a second catalytic layer formed on said first catalytic layer and containing alumina and/or 
silica; and (3) a third catalytic layer formed on said second catalytic layer and containing a, zeplite having copper 
and/or cobalt; ' ■ . * ■■■■■!" » : .y •- 

10. A device according to claim 9, wherein said copper and/or cobalt of said third catalytic layer is in an amount of 
0.05-0.5 moles per liter of said NOx-adsorbing-and-reducing catalyst: , 

1 1. A device according to claim 9, wherein said at least second component of said first catalytic layer is in an amount 
that is greater than 0.10 mol and up to 0.60 mol per liter of said NOx-adsorbing-and-reducing catalyst and is 
selected from the group consisting of magnesium, calcium, sodium, potassium, barium,, lanthanum, strontium, 
cesium, cerium, lithium, and yttrium. "* • ", • . > - 

1 2. A device according to claim '2, wherein the "volume ratio of said hydrocarbon-adsorbirrg-and-desbrbing material to 
said NOx-adsorbing' :: and-reducing catalyst is from 1:6 to 1:1. 

13. A device according to claim 1 , wherein said device is used for purifying an exhaust gas exhausted from an engine 
driven with an air-fuel ratio of at least 14.7, said exhaust gas having an oxygen concentration of at least 5% and 
a molar ratio of hydrocarbons to NOx of up to 1 0. 



22 



EP 0 935 055 A? 




23 

SOOCID <EP 093S0SSA2 I > 



EP 0 935 055 A2 



FI0.4 




50(T 



CATALYST TEMP, ft) 



SCANNED:; 

MAY 0 2 2002 
KALOW&SPRINGUTUP 



